Abstract. Genomic DNAs of 22 strains of Lactobacillus helveticus of various geographical origins were analyzed by pulsed-field gel electrophoresis. Two endonucleases, SmaI and SgrAI, of the 19 tested produced DNA fragments useful for strain comparison. With the endonuclease SmaI, a characteristic restriction pattern was identified for 18 of the 22 strains. The percentage of similarity (Dice coefficient) between the profiles varied between 26% and 100%, and clustering was accomplished by using the unweighted pair group method with arithmetic averages (UPGMA). For the strains showing identical profiles, the high genomic similarity was confirmed when the endonuclease SgrAI was used instead of SmaI. From summation of SmaI and SgrAI fragments from three L. helveticus strains (CNRZ 241, CNRZ 303, and CIP 57.15), the genomic length was estimated at ca. 1.85-2.0 Mb.
Lactobacillus helveticus is used extensively in the manufacture of Swiss type cheeses and Grana Padano [1, 23] , and it has also been found in Bulgarian sour milk [5] . Several technological properties of that species have been studied, such as sugar fermentation, proteolytic and lipolytic activity, autolysis, and aroma production [22, 24] . An efficient strain typing tool would be useful for the preparation of well-defined starters, as well as to identify one particular strain in complex ecosystems like cheeses. Until now, only a few typing methods have been proposed for lactobacilli, and in particular for L. helveticus [7] , including M13 DNA fingerprinting [16] and ribotyping [18] . These two methods have been applied only to one strain of L. helveticus (ATCC 15009), and their efficiency in L. helveticus strain differentiation has not been checked by these authors. Previously, by comparing the phenotypic and genotypic characteristics of six strains of L. helveticus, Manachini and Parini [14] concluded that fingerprinting of total DNA by the restriction enzymes EcoRI, BamHI, and HindIII with conventional electrophoresis might provide a useful tool for strain differentiation in that species. Recently, the DNA fingerprinting by pulsed field gel electrophoresis (PFGE), allowing the comparison of large restriction fragments [15] , has been successfully applied to strain typing of various lactic acid bacteria: Lactococcus lactis [11, 21] , Leuconostoc oenos [10] , Lactobacillus acidophilus group [19] , Lactobacillus plantarum [4] , and Streptococcus salivarius subsp. thermophilus [3] . In this paper, we describe the efficiency of PFGE of SmaI and SgrAI digests for L. helveticus strain differentiation. Moreover, the genome size of that species has been estimated in this way.
Materials and Methods
Bacterial strains and growth conditions. The strains used are listed in Table 1 . They were stored at 270°C in MRS [6] supplemented with glycerol (15% wt/vol) and grown at 43°C in MRS broth.
Genomic DNA preparation and pulsed field gel electrophoresis. An overnight culture of L. helveticus was diluted (1/100) in fresh MRS broth and grown at 43°C to an OD 650 of 0.3 (cellular dry weight 5 0.03 mg/ml). The cells from 5-ml samples of the culture were harvested for 10 min in a centrifuge (8000 g), washed once in 5 ml of TES buffer, and suspended in 400 µl of 50 mM EDTA. The agarose blocks were prepared as described previously [12] with one modification: the temperature of agarose fusion used was 60°C instead of 45°C. The agarose blocks containing the purified DNA were equilibrated overnight in the restriction endonuclease digestion buffer at 4°C, after which they were transferred to 250 µl fresh digestion buffer containing 15 units of SmaI endonuclease or 25 units of SgrAI endonuclease (Boehringer, Mannheim, Germany). For the other enzymes tested, a quantity of 20 units was used. The blocks were incubated overnight at 25°C for SmaI and at 37°C for SgrAI. Pulsed field electrophoresis was performed on a Biorad CHEF DRII electrophoresis cell. Samples were electrophoresed through 
Results
Restriction endonuclease digestion patterns of L. helveticus ATCC 12046 genomic DNA. The DNA base composition of L. helveticus has been reported to be in the range of 37-40 mol% G1C [8, 9] . The genomic DNA of L. helveticus ATCC 12046 was digested by 19 endonucleases with recognition sequences that are rich in G1C and/or including CTAG, CGG, and CCG, sequences that have been reported to be rare in prokaryotes DNA [15] Optimal separation of SmaI and SgrAI digests and genome size determination. Several parameters can modify the pattern obtained with a given restriction enzyme, in particular the switch time, the agarose and buffer concentrations, the total run time, the voltage, and the temperature of the electrophoresis performed [2] . In order to improve the patterns obtained in Fig. 1 , we changed the switch time and the total run time as follows: constant switch time (5 s/10 s/30 s) for 22 h, and increasing switch time (2-13 s for 18 h and 22 h; or 3-40 s for 22 h). For SgrAI, the more convenient patterns for strain comparison were obtained with an increasing switch time of 2-13 s for 22 h (Fig. 2) , and for SmaI a constant switch time of 5 s for 22 h (Fig. 3) . For genome size determination, and for these two endonucleases, the largest bands were better separated with an increasing pulse time of 3-40 s for 22 h (Fig. 4) . In these pulse conditions, the molecular size of the genome was estimated by adding the size of all the restriction fragments generated by SgrAI (except for a few particularly weak bands indicated on the figure) as well as by adding the size of all the fragments generated by SmaI. The total values ranged from 1.85 Mb with SmaI patterns to 2 Mb with SgrAI patterns ( Table 2 ). The three strains led to very close values, and the result depended mainly on the enzyme used.
Comparison of SmaI restriction patterns of 22 L. helveticus strains of various origins. When genomic DNA from 22 strains was digested by SmaI and examined by PFGE (Fig. 3) , 18 different restriction patterns resulted. As shown in the dendrogram established by the average linkage method (UPGMA), the average percentage of similarity between the profiles varied from 44% to 100% (Fig. 3) , and several groups (at least two) can apparently be defined. The first group is composed of the majority of the strains (18 of the 22 tested), for which the average percentage of similarity was higher than 50%. A second distinct group was constituted by four less related strains: CP615 from Japan, B832 from the Netherlands, and two industrial strains (B and E) from France. Such a dendrogram should now be confirmed by another genomic strain typing method, in order to establish whether these four strains are really less related.
The genomic DNA of the strains showing 100% similarity (D # CNRZ 32; CNRZ 243 # CNRZ 414; CNRZ 1102 # ISLC 5; and B # E) were analyzed with the second endonuclease SgrAI. Again the profiles were identical, indicating that these strains were, genetically speaking, very closely related (data not shown). Regarding the industrial strains (indicated by letters), apart from strains B and E which showed identical restriction patterns, the other industrial strains A, C, D, and F were apparently not related. It could be noticed that one of them (strain D) showed 100% similarity with the collection strain CNRZ 32.
Discussion
The restriction of genomic DNA of Lactobacillus helveticus with rare-cutting enzymes (SmaI and SgrAI) de- scribed in this work has allowed the genomic typing of 22 strains of various origins as well as genome size estimation. The fact that SmaI could be a convenient enzyme for strain typing was not surprising since similar conclusions have been drawn for species closely related, and with a similar G1C content: L. acidophilus (36%) [19] and Listeria monocytogenes (37-39%) [17] . By contrast, this is, to our knowledge, the first time that SgrAI was shown to be potentially as efficient as SmaI for strain typing purpose in lactic acid bacteria. Comparison of the SmaI restriction patterns indicated that the majority of strains had unique restriction patterns, and this result supports the idea that DNA restriction pattern can be a useful epidemiological tool for L. helveticus. However, strains with identical patterns were also identified, and this high genomic similarity has been confirmed by comparing the SgrAI restriction patterns of these strains, which were again identical. It could be highlighted that strains B and E came from French dairy products and are used as dairy starters, and that strains ISLC5 and CNRZ 1102 were both isolated from Italian artisanal starter of Grana Padano. By contrast, the 100% similarity between strain CNRZ 414 isolated from Russian Koumiss and CNRZ 243 isolated from French Comté artisanal starter was more surprising. In a more general view, it would now be interesting to observe to which extent the strains showing identical restriction patterns differ in their technological properties (such as acidification, proteolysis, autolysis, phage resistance). Regarding, for example, the phage resistance, Séchaud [20] characterized the sensitivity of 65 strains of L. helveticus (including most of the strains studied in this work) towards 35 bacteriophages, and we have noted that the strains CNRZ 243 and 414 (showing identical restriction patterns) do not share identical bacteriophage sensitivity. Indeed, the strain CNRZ 243 was sensitive to four bacteriophages, whereas strain CNRZ 414 was sensitive to only one, which was, moreover, different of the four infecting CNRZ 243. Furthermore, our own unpublished observations regarding autolysis revealed a different level of activity between strains sharing identical restriction profiles. It would probably be far from evident, or maybe impossible, to predict any technological behavior from these macrorestriction profiles. To our mind, their main interest is to give the ability to follow a particular strain in a complex ecosystem. Moreover, it can be used to apply technological screenings (in general, heavy and time consuming) to a reduced number of strains, which would be chosen, not randomly, but more rationally on the basis of their genomic profiles. With slightly different pulse conditions to separate the largest bands, the restriction patterns were used to determine the genomic length in that species. For three strains of L. helveticus, it was estimated to be near 1.85 Mb with the summation of SmaI fragments and near 2.0 Mb with the summation of SgrAI fragments. The validity of this result was difficult to assess, since the genome size of L. helveticus has not yet been estimated by another method. Nevertheless, it was in agreement with the genome size of L. acidophilus, the most phylogenetically related species of L. helveticus, which was estimated to be near 1.85 Mb [19] . For other lactobacilli like L. 271  594  282  540  268  529  252  221  237  291  250  249  217  188  205  208  240  163  136  154  133  161  148  153  125  132  127  150  131  145  115  122  115  130  119  134  102  109  100  113  107  120  90  100  84  104  100  114 plantarum and L. delbrueckii subsp. bulgaricus, it was shown to be respectively 2.8 Mb [4] and 2.3 Mb [13] .
